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In a structure containing plating and stiffeners, any 
given portion containing an expanse of plating and one 
stiffener can be thought of as a wide-flanged beam. Under 
axial or bending loads, the distribution of longitudinal 
stress across the flange is such that the maxim\jm stress 
occurs above the vieb and tapers off to a finite valu.e at 
the edge of the flange. For computational purposes, it 
would be more convenient to consider a constant stress 
level in the flange. The "effective breadth" of the flange 
(plating) is defined as that portion of the flange which, 
if \miformly stressed, would carry the same load as carried 
by the actual flange. 

Tests vrere run on a T-section in axial compression 
and in a bending mode with compression in the flange, and 
on a box girder in the bending mode. The results of the 
tests on the T-section are in close agreement with the 
theory. The box girder tests yielded results that are 
thought to be inapplicable to the theory because of failure 
to maintain the external conditions to which the theory 
applies . 
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NOMENCI.ATimB 

Breadth of the beam 

1/2 breadth of the beam 

Length bebv/een points of zero moment 

Yoiing ' s raodiilus 

Strain 

Moment of inertia 
Length of the beam 
Moment 

Neutral fixis 

Direction along the vreb of the beam 

Direction perpendicular to the v;eb of the beam 

Location of the neutral axis of a member from the 
top flange 

Section modulus at the flange 

» 

Section modulus at the toe of the x- 7 eb 
1/2 effective breadth of the beam 
Effective breadth ratio 
Stress 

Poisson's ratio 

Angular direction of the larager principal stress 
V 7 ith respect to a given axis 



INTRODUCTION 



A large portion of a ship's striicbnre is conprised 
of a combination of flat plate and stiff enei's * Any given 
portion of such a structure containing an expanse of plat- 
ing and one stiffener can be thought of as a beam v:itVi an 
exceptionally wide flange c It is often convenient to do 
just that for purposes of compvita tion, permitting the use 
of beam theory on various parts of the ship's structure « 

VJhereas simple beam theory assumes that the stress at 
any given distance from the neutral axis is uniform in a 
plane parallel to the neutral axis at that distance, this 
is not the case vjhen considering the above mentioned struc 
tm'e as a vjido 3?lango beam* In particular, nhon the plat- 
ing is loaded prim.arily by transmission of a shear force 
through the \rebs of the stiffeners^ the magnitude of the 
stress in the plating decreases vjith increasing distance 
from the vreb. Tiie "effective breadth", of the flange (plat 
ing) is defined as that portion of the flange vfnich, if 
uniformly stressed, would carry the same load as carried 
by the actual flange * This is illustrated in figure 1 o 
The effective breadth of a plate is dependent upon 
loading conditions, section geometry (including length- 
to-breadth ratio) and boundary conditions. 
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Curves of effective breadth ratios ( ) have been 
plotted in reference (1 ) as a function of the length to 
breadth ratio (cL/B) of the member, vrhere "cL" is the 
length between points of 5iero bending moment, and in 
reference (3) as a 3?unctlon of L/B, vjhere L implies the 
load carrying portion of the member onlyo Loading condi~ 
tions and section geometry are treated as independent 
parameters o In all the curves, ( ) approaches 1,0 
with increasing L/B, as the beam approaches normal beam 
proportions and beam theory applies, 

Schade has analysed the effective breadth of stiffened 
plating in bending for several ].oading conditions f uni- 
formly distributed, sinusoidally distributed, triangularly 
distributed, and concentrated; stri;ctural configurations 
of single, double and multiple webs were Investigated (1 
He later extended his analysis to include unsymmetrical 
stiffener arrangements and variations on the loading pat- 
terns (2), Mansour (3) considered the effective breadth 
concept for the loading conditions of a constant axial load 
and a uniform bending moment, 

Tlie experiments undertaken in this thesis relate 
primarily to !-'ansour’s v/ork, l\;o beam configurations-- 



•r N\mnbers in parentheses 



designate particular references. 
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T'»sectiojT and box girder — were tested in bending and axial 
compressioiic The bonding loads were applied such as to 
give a uniform moment distribution over the major portion 
of the boamr Toe principal stresses vrere moastired across 
the mld“Span of the beam, and the effective breadth compared 
v;ith that predicted by theoiyy'e 
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I'ROCRDURB 



The test specimens v;ore supported and loaded in the 
test freme bxxilt for this purpose, and described in appen“ 
dix A«. Both specimens x-rere simply supported for all test 
runs. Load xras supplied by a hydravxlic- jack system. 

Tests vrere run on the T-section in axial compression 
and in bending vjlth compression in the flange. The box 
girder vras tested in the bonding condition only. 

A quick stress analysis was made prior to loading to 
determine the maximum permissible pump pressi-ire in order 
not to yield any portion of the sample. It vras not neces- 
sary for the purposes of these tests to put high stress 
levels on the flanges of the beam, Tne stress pattern 
xrould theoretically remain the same up to the yield point. 
Tests at different magnitudes of the same loadings ’.-rere 
run to confirm this, and to add a confidence factor to the 
data . 

T'wo sets of readings irere taken and averaged at zero 
load and at each successive load, to attempt to compensate 
for random fluctvi.a tions in the output of the digital strain, 
indicator, ''[^he principal stresses wore determined from the 
average strain readings. The principal stres'^ in the 
longitvidinal direction was plotted non~dimensionally as a 



fraction of fine Icnglt-uviinsl stress directly above the web 
in the case of the T-section, /Actual stresses were plotted 
for the box girder., The effective breadth of the sample 
for each load was foimd by taking the area xmder the curve 
^'rith a planiraeter. Tliis area, divided by the maxiraurii 
compressive stress (for cases vdiere compression is expected) 
times the breadth of the flange, is the effective breadth 
ratio ( /b), also called "effective breadth" and "effective- 
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RESULTS 



Tlie foil. owing pages shoir the restilts of the test nunsc 
Test runs viere numbered consecutively from one* However, 
for Various reasons explained in Appendix B, the results 
of some v;ere Incomplete or inconclusive « 

This section consists of a summary of expected resxxlts 
and experimental results, followed by the curves of stress 
distribution of the principal stress across the vridth of 
the flange, for each beam specimen and each loading condi- 
tion. The test runs covered are: axial compressive load 

on T~section, bending load on T-section, and bending load 
on the box girder. 




T 



12 



Results of test runs 3 and exiol. coinpressione 
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L/B = 28/1 8 ---- 1 

F^om Mansour's theory, reference 3? expected *^/b = ,63* 
Effective area at "^/b = ,63: 5*58 in^ (from figure ?53)« 



Jack pressure 
Ram area 
Force, P 



<’■ max expootod 

O’ max 
^/h actual 



Run 3 
1-1-200 psi 
5*1572 In^ 
21 , 600 lbs 
-3890 psi 
~ll-8ij.O psi 
*592 



Rim Ij. 
7025 psi 

5.1572 in^ 

36,220 lb 
.^6500 psi 
"8250 psi 

*557 
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Flexure 2. Results of tost run 3 
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. Results of test nm li. 



Figure 3 
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Results of test runs 6 and , bending* 
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cL/B = 26/1 8 - 1 e^|J|.5 

Room Mansour’s theory, reference expected ^/h - * 60 . 

Effective section modiilus at '^/h ~ * 60 ; 9 c 3'0 in^ 

(from figirrc B3)c 



Jack pressure 
Ram area 
Force, P 
Lever am, 1 
Applied moment 
Section modulus 

®'mx 

{T CU0.1 

Vb actual 



Run 6 
2300 psi 

3 *1372 in^ 

11,830 lb 

h" 

- 1 ]. 7 ,J|Q 0 in-^lb 
9.30 in^ 

-I1.98O psi 
“if.700 psi 
.381 



Run 7 

l(. 3 oo psi 
3.1372 in 2 
23,130 lb 
k" 

-92,600 in-lb 

9.30 in^ 

"9730 psi 
-9I1-I 0 psi 
.381 
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t; of toiit i-i’n 6. 



Pif^ur- II 
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Figure 3>. Results of test run 7 
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RESULTS OP BOX GIRDER TESTS , BINDING LOAD 

Approximo toly 15’ different test runs vrere rarde on the 
box girder* The results of 6 of them sro shovm in figxire 
6 and 7® Tne results are not at all ’.-jhat was expected; 
a discussion of the results appears in the following 
section* 

Tlie girder vjas loaded first on the webs, as shouTi 
schematically in figure A6« Lever arms of 1}.", 7” and 
1 2w" were used, and moments in the vicinity of 30,000 
In-lb and 58,000 in-lb vrere applied in each case* Ihe 
girder v/as then loaded throvigh the flange, v?ith an 
additional bar’ of 12i" length bearing betvreen the loading 
bar shown in figure a 6 and the flange* Those loads x-;oi ’0 
applied at ij." and 1 2-|-'’ lever arms at moments in the 30,000 
in-lb range* 

Toe expected ^/b fx'’om reference 3 i^as *86* At this 
effective breadth ratio, the maximum stress experienced in 
the flanges at 30,000 in-lb should have been -7900 psi* 

The actual values are shovrn in figures 6 and 7« At 58,000 
in-lb, the maximum stresses experienced should have been 
“15,300 psi. 
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(q) 




Rim 8c Initial loodlnp; 
4" lever erm* Load 
a pp 1 led to webs. 



Moment - 29,95^0 in™lb. 
(T max “7500 psic 
Vb = «3li-L 




Pam 1 3» Bending load 
/l" lever arra* Load 
applied to websc 



Moment - 31 ,l|.00 in- lb 
•T raax -RyOO psi« 

Vb = .085 



0 



c 



Rim 11c Bending load. 
7" lever armc Load 
applied to webSc 
Moment - 30,700 in-lb * 
max ft? -9200 psi, 

Vb - .075 



id) 




Rim 11 lc Bending load. 

12 1 / 2 " lever arm. Load 
applied to iv"ebs. 

Moment = 32 , 900 in-lb , 

(T max ft- -81],50 psi. 

Vb = c09l!- 



Hori^iontal scale: 
1 box = 1 " 



PICrTJRE 6. RBSTILTS OP BOX CtIRDER TESTS 



ItsJClPAL STRESS 
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Rvm 15* Bending load 
appH led to the f'lange 
at a lever arm of 12-^r”. 
Moraent “ 32,200 in-lb. 



Run 16. Bending load 
applied to the flange 
at a lever arm of 4”. 
Moment = 27 >300 in-lb. 



Horizontal scale : 
1 box = 1 inch 



Figure 7. Resvilts of box girder tests. 
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DISCUSSION OP R33ULTS 



T- SECTION 

HiG res\ilts of the tests ore qualitatively v;hat was 
expectedc That is, the maximum stress occurs at the web, 
and tapers off toward the edgec 'Xhe numerical results are 
thought to be satisfactor;/ , but there are aspects of each 
result that are open to discussion. 

In each case, the experimentally found values of the 
effective breadth ratio, Vb, are lower than those predicted 
by theory, T-^e specific values are: 

loading theoretical experimental error 



It might be expected that the experimental values vroixld 
be lovjer than theoretical values, as ideal conditions are 
never achieved in the laboratory. This X'rill be discussed 
in the general comments at the end of this section. 

It is interesting to note that the experimentally deter- 
mined value of Vb decreased viith the increased load on the 
axial compression tests. It remained the same for both 
loads on the bending tests, Tae only external that occurred 



axial, light (run 3) 
axial, heavy (run Ij.) 
bending, light (run 6) 
bending, heavy (run 7) 



.63 
.63 
,60 
. 60 




6,0 
11 ,6 
3.2 
3.2 



in going from light load to heavy load in each type of test 
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vms the increase in oil pressure in the cylinders* That 
is, the load v;as not reraoved betvjeen tests, and so there 
was no possibility that there ’would be any difference in 
the applied loads, except for the magnitude * In vlex^r of 
this, it is concluded that some buckling of the flange 
occurred in the heavll:/ loaded axial test that did not 
occur in the lightly loaded test* It is possible that there 
was some buckling in each test; this cannot be determined 
from these tvro experiments* 

It is noted that the maximum stress expected from 
theory is less than the maxlmurii stress obtained during the 
experiments* Cne would expect to find this trend, since 
a greater effective breadth is predicted by the theory than 
was found in the experiment. It is noted, however, that 
percentage Increase in , the stress is larger than the per- 
centage decrease in the effective breadth. For example, 
in run 3 the theoretically predicted maxlmurii stress vjas 
-3890 psi; the maximum experimental sti’ess vras -li.81i.O psi, 
or an increase of 2l|ol|^ over the predicted value, Ho’wever, 
the experimentally determined of .592 was only 6.0$^ 
lower than the theoretical value of ,63« The reason v;hy 
the percentage increase in stress is not equal to the 
percentage decrease in the effective breadth ratio is not 
immediately apparent. 
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Rosettes v?ere used to measure tVie straj.n in order to 
ascertain that the principal stresses v/erc i^arallel and 
perpendicular to the web* This was strongly suspected to 
be the case initially, and the small angles obtained in 
the calculations shown in Appendix B confirm thiSe 



BOX GIRDER 



Tne results of the box girder tests vrere quite diff- 
erent from those expected. It v/ould bo anticipated that 
this girder, loaded on the webs and with a uniform bending 
moment over the center of its span, would yield a stress 
distribution at midspan as shown in figure (a). 




(a) 



A compressive stress is expected viith the loading used in 
these experiments. 

The results of the test rxms shown in figure 6 ex- 
hibit the same qualitative shape, but the numerical values 
of the stress vary greatly from those expected. The effect- 
ive breadth ratio of this beam is theoretically .86 (figure 
B2 ) . V/ith the exception of the very first test run on the 
beam, the experimental valxies of ^/h are in the vicinity of 
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.10 and lower. The va3.ne round on the initial run is 



the drop betxreen the val\xe foimd in the initial run end 
those subsequent to it, led the author to believe that sorae 
mechanism such as local buckling, raeinbrane effects in the 
flanges, non-imif orm shear transmission into the flange, or 
a combination of these, is acting on the flange in addition 
to the expected shear lag effect. 

Tno critical stress for local buckling of a perfectly 
straight plate can bo determined by the formula 



where k is a coefficient representing various end con- 
ditions and aspect ratios, E, t and B are as previously 
defined. Timoshenko (4) gives a k value of approximately 
2.2 for long plates in a condition of simple support on 2 
edges end unsupported on the loaded edges. With the flanges 
intormittantly vrelded to the v;ebs of this girder, it is 
anticipated that the end conditions would lie between simply 
supported and fixed, closer to simply supported. The 
Corresponding value of critical stress is ^?060 psi. Any 
initial, distorsion in the plate viould change this value 
slightly. 

It seems likely that test run 9, which was an extension 



The combination of the extremely low ‘^/'o values, and 







r 



of run 8 v:ith a heavier load applied, caused local buckling 
and hip;h niembrane stresses in the flanges. Data for this 
run, presented in appendix C, shows that the principal 
stress experienced by the flange ^vas approximately -11,000 
psi. It is highly probable, therefore, that local buckling 
occurred on the second test run made on this specimen. 
Succeding runs were then subject to whatever permanent 
deformation may have been incurred during this buckling. 
Permanent deformation is indicated by the "zero" readings 
token after the release of the load. 

Ihe reverse in curvature of the principal stress plots 
tovrard the webs (see figure 6) was Inferred from the read- 
ings of gage nuTiiber 1 0 on test runs 13 on. This gage, vms 
added to the specimen to give information about the stresses 
at the edge of the flange where the xv^eldments prevented the 
installation of strain gages. This assumes that the stress 
is transmitted unchanged from the web to the flange, ifnich 
is not strictly true, as discussed later. 

However, the reverse curvature toward the flange is 
characteristic of post-buckling behavior v;hen memb3.'>ane 
stresses develop. Work in this area has been done by 
Ilansour, reference 6. 

The non-linear it;/ of the mea sri.red strains with the 
increasing load, as evidenced in runs 8, 9 and 10, and runs 
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11 and 12, is further indication of buckling. 

A coinporison of internal and external moments (numer- 
ical work in appendix B), sbox^rs that the internal moments, 
as determined from the strain gage readings, are consider- 
ably lower than the applied piomont. One possible explan- 
ation of this is given by Schade (7). He tested a box 
girder lj.2 ' x 8' x under loads such as to give a 

saddle-shaped bending moment (figure b). 




The results of the tests xiith this applied idomont showed 
that maximum longitudinal stress occurred at the centerline, 
and not only attenuated, but actuall 7 / reversed sign toward 
the v:ebs. The expected results before, the tests had been 
similar to those expected in. this thesis and previously 
sketched in figure (a). Schade concluded that this expected 
stress distribution is a special case, and tViat the stress 
distribution in general is dependent on the shape of the 
applied moment curve. It must be noted that the curves 
determned from Schade 's tests do not exhibit the reverse 
curvature tovjard tVie vxebs that these results exhibit. 
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The f;pp3.ied inoiiients should f^lve an external bending 
moraent curve as shoxvn in figiire (c). 




' (c) 

Perhaps the lower lord carried by the flange in these 
tests is due to the inter}Tiittrnt fillet \/elds causing an 
uneven distribution of forces in the flange by the non- 
continuous transmission of shear force from v;ob to flange. 
'The average length of weld and spacing v;as 1-|-” and 2” 
respectively. This was not \miforra over the length of the 
specimen, but close to it. Ilic location of the load 
application xjith respect to a weld or a space varied for 
different test runs, and in fact varied from one end of the 
specimen to the other. It is possible that this had some 
vmknovm effect on the distribution of the load over the 
length of the flange. 

The results presented in figure 6 — loading through 
the webs -- seem to have been influenced by a combination 
of the 3 mechanisms discussed. That is, local buckling, 
non-uniform shear transmission to the flange, and shear lag 
effects are all interacting in some manner. 

For runs 13" and 16, the test specimen V7ss loaded 
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ttoough the flnnges. As h^d been initially suspected, 
local effects of the loadlnfy prevailed, and the results 
are indicative of plate rnembrane and bending action rather 
than beam bending. During these tests, some distorsion 
occurred to the flange directly belox-x the loading bar and 
to the tips of the nebs adjacent to it. Results and data 
are Included for information. 

CrElTERAL COMT-IEKTS C'd THE RESULTS AND PROCEDURES. 

It was mentioned previously that less than ideal 
results v;ere to be exnected in the laboratory. Some of the 
conditions which it is felt contribxited to this are 
discussed. 

The theor:/ presented hj Mansour in reference 3 is 
applicable to beams \mder axial tensile load or uniform 

-9 

bending moment, Tao application of such loads vjith no side 
effects is difficult at best, Tne axial load used in these 
experiments was applied by centering the plunger surface 
of the cylinder about the neutral axis at each end of the 
beam and exerting force. A slight misalignment of the 
cylinders vjould induce unwanted bending moriients into the 
beam. 

Tne same j-iotential for error is involved in the bending 
tests. It VJ8.S desired to place the load directly over the 
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vreb and In perfect alignment with the d?lrection of the \-;eb. 
The small angles of principal stresses from the longitudinal 
obtained in test runs 6 and 7 indicate that the loading was 
quite good. However, previous runs 1 , 2 and under the 
theoretically same loading condition, indicated that prin- 
cipal stresses ran at angles of 5 to 1 0 to the longitudinal. 
In fact, runs 1 and 2 indicated that the angle of offset 
from the longitudinal vras in the opposite direction from 
that indicated by run 5- That is to say, one run produced 
results indicated in sketch (d) while the other run produced 
that indicated in (e ) : (angles exaggerated) 



Tne calculations are not inclxided in this report, but the 
original data apnears in appendix C. Tae relative sizes 
of the strains in the shear arms of the strain gages in 
r\ms 1 and 2, compared v;ith those in run indicate this 
effect. S5.nce this reversal of direction occurred, and 
since an attempt to apply the load in runs 6 and 7 more 
carefully seemed to reduce the angle involved, it v/as con- 
cluded that the bending sample was very sensitive to the 





(d) 



(e) 
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external lopding, pnd that misalignment of this load was • 
responsible for the principal stresses being skewed to the 
longitudinal and transverse directions. 

The importance of the careful selection end application 
of the strain gages was clearly demonstrated during these 
experiments. An initial attempt was made to use some old 
v/ire gages that v/ere on hand. Tneir age and the history 
of their storage X\’ere unknovm, although the packages were 
still sealed and they appeared to be in excellent condition 
before installation on the tost specimen. However, after 
installation, it x-ras impossible to zero several of them on 
the digital strain indicator, and some of them gave erratic 
results dxirlng tests. Time and effort x^ras x-msted in trying 
to economize in this area. 

TX'fo sets of strain readings x-iere taken at each zero 

■» 

stress level and each loading, and the average used in the 
stress calculations. Generally, the agreement of the tx-/o 
readings vies excellent, but as in all experimental xjork, 
some scatter must be expected., A difference of 3 or 1; 
percent in these readings vies considered to be acceptible. 

The test specimens themselves xrcre not perfect. The 
vrelding of the relatively thick x>;eb of the T-section to 
the flange plate caused the flange to x-jarp slightly around 
the x-reb. Figure (f) shows an exaggerated picture of this. 
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(f) 



The effects of this on the results ere thought to be smell, 
but are open to discussion. 

Thin yilating v.’as specified for the box girder in hopes 
of keeping the required loading low, and to keep the vieight 
low enough for convenient handling. The thin plating in 
turn raised fears of vrelding distorsion and the use of 
intermittent v;elds. Ps previously discussed, it is thoxight 
that this contributed to the unusual results obtained, 

Ihe material properties of the steel Young's 
modulus and Poisson's ratio — arc also subject to sli.o;bt 
variation. However, it’ is felt that in comparison to the 
other factors affecting the results, this is negligible. 
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CONCLUSIONS 

Tiie roaults of the T-sectlon tests are thought to be 
an accurate reflection of the objectives of this thesis. 

The desired external conditions were maintained throu.ghotit 
the tests. The resirlts are in good agreement v;ith the 
theory presented by Mansour in reference 3. Tnese tests 
show that the effective breadth of the flange can bo 
considerably less than the actual breadth, and that this 
should definitely be taken into account in the design of 
structures using vjide flange beams, or built-up members 
acting as such. 

Although the results of the box girder w'ere not as 
expected for reasons that violated the conditions of the 
theory, the tests did in fact indicate that there can be a 
wide fluctuation in the stresses aoross the flanges of the 
girder. These tests were also useful in demonstrating the 
care that must be taken in pronerly anticipating the loading 
of various com.ponents of a structure. 
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REG OMT-RK.DATI ORS 



It is recomniended that additional tests be carried out 
on vjide .flange beams, both to further verify the results 
of the theory and to measxirc the effects of parameters not 
specifically covered by the theory. An example of the 
latter is the application of combined loads to the beams. 

It was desired to do this during this series of tests, but 
time and other factors prevented it. 

More specific recommendations x-rould include the exer- 
cise of a gi’ester care in preparing the test specimens. It 
was noted that some welding distorsion took place on the 
T-scction. Perhaps greater care in welding, or post-vrelding 
heat treatment, could prevent this. It would have been 
desirable to have had the box girder continuously vrelded, 
but again, the possibility of distorsion prevented it. One 
remedy for this would be the use of heavier plating; this 
v/ould also increase the critical buckling load for the 
girder, 

Ibe use of more than 10 strain gages sim.ultaneously 
presented inconveniences in the switching circuits. It is 
wise to have an arrangement that permits the operator to 
read all gages viithout leaving his seat to sixltch gages or 
to sv;itcb leads to the v'^rious electronic components. Doing 




II 
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so Introduces room for error in data recording. 

It is also recommended that the greatest amoimt of 
care be taken in loading and supporting the test specimens. 

It is essential to reduce the number of unwanted side 
effects, as each of these presents a potential unknown 
effect on the res\ilts. 

Aside from the first recommendation that the testing 
be continued, perhaps the most emphasis should be placed 
on the prior study of the problem. Detailed and exhaustive 
calculations should be performed to ensuro that an unexpected 
condition, such as the local buckling of the box girder, 
will not prevent the tests from yielding useful results. 
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APPSHDIX A- DSSCRT^-^TrOiT OP APPAR-VrUS 

AND 

DETAILS OP PIJOCEDURE 

Part of the time spent on this thesis involved the 
preparation of the Ship Structures Lab for use, and the 
design and construction of a test frames The laboratory 
room had been in disuse for several years and had become 
a general storage area* Tliere vjcrc the remains of several 
old thesis projects and various lab supplies v;hich later 
proved useful » However, much of the equipment and tools 
nori'ially found in a lab had to be bovight or borrow'edc 
The entire job of readying the lab for use took consider- 
able time and effort. 

It vjas desired to keep the test frame as simple as 
possible, yet provide enough flexibility as possible for 
use x-7ith different samples pnd different projects, A sec- 
ond, and very important, consideration was keejnlng costs 
to a minimum o 

Tne resulting frame is shovrn in figure A1 , The verti- 
cal members are 18 ” x 11 3/k" x 1 05 m wi(3e flange beams vfith 
flat bar stiffeners between the flanges, 5 feet long. These 
pieces existed as such from a past project,. The horizon- 
tal members are nev; 8" x 8" x 31# wide flange bea:as. 




TeST FK^Me. 




f 




fillet 



59" longo Tiie beams arc connected with a continuous 
vjeld. Lateral support is provided by a 5 foot length of 
1" by 12" steel plato^. welded to the vertical riembsrs; 
these pieces vrere also existing among the old material in 
the labc 

The space between the horizontal members is 27"® This 
V7as a compromise betv;een a desire for the largest possible 
opening, to accomodate’ a varietpy of test ST)ecimens, and the 
desire to keep it small, to minimize the st^pport and load- 
ing apparatus for the samples to be immediately studied. 
T'.-/enty- seven inches tras determined from the combination of 
what is thought to be a reasonable support structii.re , the 
height of the larger specimen, end required clearance for 
any of several size hydraulic jaclcs that v;ere on bond or 
being considered for purcbeso. 

The ne’.'r horizontal members I'jould have been chosen on 
one of tv;o criteria: the lightest beam with an 8" flange, 

1%'hich vjss deemed to be the minimimi vridth desirable for a 
support or Viydraulic cylinder bearing surface; or the 
lightest beam that would be capable of talcing full load 
of 2 hydraulic cylinders (20 tons each) spaced 6" to either 
side of the mid-span crlthout excessive deflection. The 
former criterion controlled and the 8" x 8" x 31 fr cridc 
flange was selected. The moment of inertia of this section 
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is 109c 7 in^^e Considerinp; the horlciontal inerribers to have 
bxillt-in end conditions, the maximuii stress experienced 
nnder the above mentioned load is K.Sd, The 

deflection in this case v/ould be ^Oli!."o iho deflections 
experienced ivlth the maximum actr.al loadings nonld be loss 
than half that» 

The side beams have a moinent of inertia of about 
1 800 in^l't Tine external loads placed on these beams were 
in the order of l8 tons, near the center of the frame. 

Per all practical purposes, there x-/as no deflection in these 
beams , 

Hydraulic cylinders vzore used to apuly the lo<ads to 

the samples, IVenty ton capacity cylinders xjere readily 

available and had the working range necessary for all 

anticipated tests. Cylinder data follows: 

Manufacturer: Blackhawk Mfg, Co,, Milwaukee, Mis, 

Model : RC 28'1 

Capacity: 20 tons 

Pl\mger travel : 5" 

Plunger diameter: 2-|-" 

Oil Capacity: 26 cubic in c he s 

Effective ram area; 5»15?2 sqviare inches 
Weight; 22 3/^l- pounds 

Tnc base of the cylinder bore directly on the test 
frame members, and in the majority of cases, the plxmger 
head bore directly on the test specimen, Tnc plunger bear- 
ing surface v;as a 2|-'' diameter section. For 2 test runs, 
a smaller bearing plxxg of 3/k" diameter rod was attached 
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Figure A2 , Scheiiui txc oT lu/draulic fjysbera. 



liO 



to the pluri/'^er^. Disctiss5.on of the cffectr. v;ill follow, 

Tlie liydraulic p'urips \-rero fitted with achlitional stop valves 



for tighter holding of the load for- 



extended periods of 



time c 



Both test specimens \-:erc simply supported for all 
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T- SECTION TEST SPSGIMSl'T 

Tlie first specimen tested vras the wide-flanged tee 
section shox-^rn in figure A3. Overall length of the sample 
was 28” £. The xjeb \^as continuously xrelded to the flange 'with 
a fillet on both sidesc Material V7as mild steel. 

The simple supports for the tee section vrere fabrica- 
.ted from -I-’' steel plate* The main siroport raember was fit“ 
ted vrith a slot and a knife edge to receive the web of the 
tee* During tests ^ the clearance between the x-zeb of the 
section and the sides of the slots v;as taken up v:ith small 
vrooden x:odges, Tlioso vrere primarily intended to steady 
and align the sample before the load i-ias applied. It v:as 
felt that any effect on the simple support conditions xrould 
be negligible. In fact several vredges fell out from tine 
to time after the load, vras applied* 

For the axial compression tests, the cylinders bore 



directly against the x;eb, centered at the neutral axis 
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Tlio tejrb section vras instrumentocl across half the 
mid-span ^^rith one straight gage (BLH type PAE-2i>’-1 2S6 ) 
at the web and five rectangular rosettes (BLH type FAER- 
2i?R-12S6)., Seo figure 

The gages vrere connected in half bridge circuits, vrith 
one active and one dummy, through an Ellis 6-channel switch 
and balance unit and a Bean lO^channel sw'ltch and balance 
\mit, to a Bean model 206B digital strain indicator* An 
idiosjeicrasy in tVie Ellis unit forced the use of an indi- 
vidual dummy gage for each channel. One dummy was used 
for all 10 channels of the Bean unit* 

Tiie loads were applied x-jith the hydraulic cylinders 
in the locations indicated schematically elsewhere. Care 
•vjas taken not to exceed yield stress any’where in the sam- 
ple : Tiae bottom of the web x-;as the critical point. At 

least two sets of data v;o]'-e taken for each loading--one 
close to the maximimi allov:able, and one at abotxt half that 
value. It was difficult to apply any specific predetermined 
load x-xith the hydraulic system, bxxt once a load was applied, 
its magnitude was knoxrn to close enough accuracy and it vxas 
able to be held, 

A schematic of the hydraxxlic system is shoxrn in figure 

A2 . 
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SWIMARY OP DATA AND CALCULATIONS 



TLis appendix contains : 

Cui’ve of vs. L/B, T-section 

Curve of vs. L/B, box girder 

Sample moment of inertia and section modulus 
calculations 

Curve of section modulus and section area vs. 
T- section 



Vb, 



Curve of section m.odulus and section area vs. ^/b, 
box girder 

Sketch of strain gage location on T-section 

Sketch of strain gage location on box girder 

Sutnmary of all test runs 

Data used in calculating results, and principal stress 
calculations, for the follo^ring test runs; 3 ? 

6 , 7 , 8 , 11 , 13,. 14, 15 and 16 . 

Calculation of internal and external moment balance, 
run 14 
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MOMMT OP Il'IPRTIA SSCTIOR MODirLUS, T- SECTION, % . 73 ' 
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— f\5.A- 




member 


A y 


Ay 


Ay2 


lo 


(18 X . 73 )" X 1A" 


3.38 .123 


.42 


.03 


.02 


4 3 / 8 " X 9/16" 


2.60 2.36 


6 , 63 


1 7.02 


4.67 


I = 13.I1-2 In^’- 


3.98 

y = 1.18 


7.07 


2 r= 

“Ayy = 
I = 


21 . 76 
8.34 

1 3.42 



1 “ 11.30 in^ 
Z^.; =3.60 in3 



MOMENT OP INERTIA & SECTION MODULUS, BOX GIRDER, ^/h = 1.0 
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0 .90 

6.73 



I = 7.63 in^ 
Zfi = 3.10 in-”^ 



4«1 3 



2 = 7.63 
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Figure B3. T-sectlon charactcrirjtlcs . 
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Figure Bl|. 



Box girder characteristics. 
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Opge 0. 



BLH typo PAE..2S..i2g6];, goge. 

through E 6 . BLH type ioo/x 

a r: rectangular 



Oagos 1 

rosettes. Dae to a mix-uu'Tn%vC 7 - a rectangular 
gages, they uere installed on th? "o a ^ 
though they were equianginar rosett'ec ° 

suits are uneffected but cal r ' 

P -pal stresses were more cumbersome^ 



Itie^ final re. 
leading to 



»E" 



prefix denotes gages which 
switch and balance imit 
to the Barn unit. 



were connected to 
The remainder were 



the Ellis 
connected 



Figure P- 5 . 
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Gagss 0 through 9. BLH type PAET-25'T-1 2S9L 2-directional 
gpges. 

Gage 10. RLH typo PAE-23-1 2 SoL straight gage. 



Figure B6 . Gage location on box girder. 
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Sirn-IARY OP ALL TEST RUl'TS 



Rtm noe 


Loading 


Rema 


rks 


1 


2300 psi 
bending 


1 ) 


L. 

a a 

I . I 




lever- arm 




h 2G*‘ 






2) 


gage locations in figrire 
apply to rims 1 throiip;!). 
7o 


2 


psi 


1 ) 


gages 6 & 8 did not return 




bending 




to zero reading after load 




1}." lever arm 




was removed; reading 
doubtf vJ. . 






2) 


run 2 was made imi''edla tely 
after rim 1 v;ithout return 








ing to zero load. 


3 


][.200 psi 

axial compression 


1 ) 


■^IT — * 






1-* 26* H 




7025 psi 


1 ) 


comnent ?., rim 2, applies 




axial compression 


2) 


dial indicator reading at 




■» 




mid"Span wa s « 001 5” . 


5 


l\.200 psi 


1 ) 


re “run of test run it?, to • 




bending 




check the relative mag- 




Jp" lever arm 


2) 


nitudes of the shear stres 
gages 6 & 8 appear to be 
functioning norma lly , 


6 


2300 psi 


1 ) 


load vras appl.ied through 




bending 




3/l[.'' diameter bearing 




][," lever arm 




rods rather than directly 
through the plunger head, 
(2-|-" dia» ) 


7 


lt .500 psi 

bending 

1]." lever am 


1 ) 


coOT.iient 2, run 2, applies. 



se s , 



Loading 


Remarks 


Bonding. 


1 ) 


l^rst load put on 


1|" lover omio 




box girder. 


Pressure = 1li50 psi. 


2) 


Strain gages 0 


M = 29,9^0 in-lb. 




through 9 in \ise 
throu.gh rim ?M2, 




3) 


Loading on the v;ebs 
through run # 


Bending, 


1 ) 


Applied immediately 


lover armo 




after preceding D.oad 


Pressu.re = 2800 psi. 




vflthout returning to 


M = 57,900 in-lb. 




zero load. 




2) 


Strain readings dis- 
proportionate to 
those in run 8, 


Bending, 


1 ) 


Comment 1 , run 9, 


4" lever arm. 




applies , 


Pressure = 1 500 psi. 


2) 


Large difference in 


M = 31 ,000 in-lb. 




strain readings from 
run 8, vrith approx- 
imately sarae moment. 




3) 


Large change in zero 
readings after com- 


■» 

Bending, 

7" lever a.rm. 
Pressure = 850 psi, 
M ^ 30,700 in-lb. 




pletion of runs 8, 9 
and 1 0 0 


Bending, 


1 ) 


Comment 1 , run 9, 


7" lever arm. 
Pressure = 1 650 psi, 
M = 59,500 in-lb. 




applies. 


Bending, 


1 ) 


Duplication of runs 


II.” lever arm. 




8 and 1 0 with addi- 


Pressure = 1 525 psi. 




tional. strain gage 


M = 31 ,l}-00 in-lb. 




(gage 10) in use. 

Gage 2 disconnectec 



Rim no 



Loading 



Remarks 



'ih 
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Bending c 
1 2§ lever arnie 
Pressure = 51 0 psio 
M = 32,900 in-lb c. 

Bonding c 
1 2-g- lever ar-X(i«> 
Pressure = 500 psi, 
M = 32,300 in- lb. 

Bending. 

1|" lover arm. 
Pressure = 1325 usic 
M = 27,400 in-lb 0 



1 ) Loading directly on 
the flange in runs 
1 5 and 1 6o 
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3^ata \ised :ln cal c\ila ting results, run 



Loading; Axial, conipressionc 
Cylinder pressure: ij.200 psi< 

Applied force: 21,600 Ibsc 



STRAIN Rl’^DINCrS 






Location 


Gage no® 


Average read: 


1 


0 


"1 ij.0 


2 


EL], 


-137 




E3' 






E6 




3 


1 


-129 




2 


-if-Jf-l 




3 

if 


-Ijl 


if. 


S' * 

-99 




5 


-34-^ 




6 


defective 




Ei 


-66?^ 




E2 


-27-J- 




E3 


-28 


6 


r 






8 


defective 




9 


-1 9| 




PRINCIPAL 


STRES 3ES 


Location 


Stress 




1 


“Ij.81-1.0 psi 




2 


-il.090 psi 




3 


-3800 psi 




k 


"'2970 psi 






-2060 psi 




6 


-1 485> psi 





PaiUClPAL STRESS CALculf\TlOKiSx 






RuM 






Ci ^ (Ti 



Go. ^ Cc 
V- C ' 
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zC 




fc.v\ zt^ 



€p. “ (?G 



/( = o. 2 SS 
E t SO X '|> 5 i 





LOCATlOKi 


\ 


Z 


S 


4 


S 


6 


1 






-AG 


- 41 




- 2 & 




z 




-148 


- \G 1 


- IZ 9 


-99 




- 49 . S 


3 


ec 




-SO 


- 44 -S 




-n .6 




4 


ficL *« 




-90 


- 06 .r> 




- 66.6 










-61 


- 53.1 




- 3 B& 




6 


^ 0 . *’ ^ c 




-\-4 


•V 5.6 




- . 6 
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( 6 ')’- 




16 


\-{yu 




.5 
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2 Gt 




- 7,1 A- 


- Z 58 




- iSS 


>. 
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C 8 -) - W 




- ns 


-nz .‘5 




- Tl -6 




\0 


C 9 )^ 




576 oo 


C.lSDO 




6 ooo 
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(I'l -i (lo'l 




> 

Cio 1 




\z 


jliO 




118 


11 Z -9 




17 - 6 




13 


^'' 0 /z .61 




69.1 


61 




30.1 




\4 


Os') 




- BO.'i 


- \ 16-1 


-99 


- 6 f 3 - 6 


- 49.6 


P> 


<T> = £ X (liv') 




- <^-090 


- ?:Boc> 


-2910 ^ 


- Zo 6 o 


- I'l-ss"* 


iS 


(s^+ M 






•’.•l-S 




- 8-6 
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(Sx “ ^ 




-j- 66 


■!• 210 




-1 168 




















\6 


wi/ao 




- 44:6 _ 


- 49 -S 




-^ » 66 . 




19 


zii^ 




BB.l^ 


88 . S*' 




89 . 6 ” 




20 


<« 




^i 4 . 4 " 


44. 4 




44 - 




21 


FSor/v 




6 . 6 ° 


0 . 6 " 




o. Z^ 
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Data used in calculation results, run 



Loading ; Axi a 1 c ompr e s s i on o 
Cylinder presstxre : 7025 psio 

Aipplied force; 30,220 lbs. 



Location 

1 

2 

3 

k 

5 

6 



STRAIN readings 



Gage no, 



Avo r a g e re aidin 



0 

E’l. 

e5 

E6 

1 

2 

3 

6 

El 

E2 

E3 

7, 

8 

9 



-252^ 

"231!- 

«82 

*•69 

-21 

-75 

.*63s 

-bbh 

defective 

.=•1 okh 
-k'i 
-35 
-75i- 

defective 

-25fr 



PRINCIPAL STRESSES 



Location 



Stress 



1 

2 

3 

k 

5 

6 



-8250 psi 
"6860 psi 
••6300 psi 
•"Ij-860 psi 
•*3ll'-0 nsi 
"2220 psi 




i 



J 
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c., C, - £ 



5: ™--r 

(Z(\“y4 2C\-V,v4 v' L ^ ^ 'J ^ 



to-xv I S» ^ ^ " ( go, gc) 

Co. •* <2c. 



/? o. 

E *= 30 >0^^ {.'iC 





LOCATlOrA 


1 


Z 


3 


4 




6 


1 






-69 


.-63.3 




-35 




z 


<?b 


-Z9Z.9 


- Z?>4 


- 21 4 -3 


- 165. '5 


- iO^V-3 


“13-9 


3 






- DZ 


•43 




- <l 




4- 


Cfx < Cc. 




- 151 


-138-3 




-76 




5 


^^•■V|.43 




“ 105.1 


“97 




-9?..l 




G 


0 

tj 

I 




A i3 


.•.iR.c; 




6 




1 


(6)" 




169 


196 




36 




S 


1 (?b 




! 

i 


“<•29 




“ 209 




9 


(GVC4) 




-sn 


- ?9v0.3 




“ 133 




10 


(9)’ 




100 ooo 


8<Soo 




I'l Boo 




tl 


(■?^ -r (lo) 




.'V 5AMG AS (lo) 




\l 


UiO 




3H 


1 




133 




13 


^‘^Vz-6T 




12?.- 3 


U3-0 




61- 1 




14 


(‘pV 




-ZZ9.0 


- ^lO‘0 


- l62 


- 106-8 


- 74 ■■'' 


13 


<n - ev. (lA-'^ 


-8230^' 


-6860 


•* 6300 


- 4.-06O 


■■ 3140 


-Z220 


16 


els') 




-•.• 18 


•V n 




- 1*4 




n 


(f^« £>: (l6^ 




.*.• 5Ao 


‘V 0 lO 




- <2 




















»e> 






- 24-2 


-23.2 




-Zl.Z 




\9 


?. cp 




C'A 6 


crj.5“ 




i 

CO 

0 




10 






43.8" 


4.3.8'’ 




43.7^ 




z\ 


FROM 




» .'4 ® 


1.2*’ 




1-3 
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Data used in calculating res’alts, mm # 6 



Loading; Bending, 

Cylinder pressure: 2300 psi« 

Applied force: 11,8^0 lbs. 

Lever am: l|"o 

Applied moment: -’][.7,400 in-lb. 



STRAIN READINGS 



Location 



Gage no. 



Average readin 



1 


0 




2 


Ei|. 


-1 36: 






-30 




E6 


"40-^ 


3 


1 


-1 2l{- 




2 


•■■26 




3 


.,3^ 


h 


k 


‘•96-1 






•■•1 8 




6 


”31 




El 


”72 




E2 


-10 




E3 


”25i 


6 ^ 


7 


-52 




8 


”13 




9 


”29 




PRINCIPAL STRESSES 




it ion 


Stress 




1 


-I1.7OO psi 




2 


-3830 psi 




3 


-3^180 psi 




h 


-2720 psi 




5 


-2020 psi 




6 


-1 630 psi 
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PRINCIPAL STRPSS CAL CU L AT iOi>iS , 

SG£ RUWS 3 AW(5 4 for FoRt^^uLAF. . 





LOCATio ^A 


\ 


z 


S 


/* 

• V 


5 


6 


\ 


Cc, 




-40 -6 


-56 


-31 


-25.5 


-29 


z 




^ \t\CK 


-»36.S 


- 1?4 


• ^ 6 • 


-72 


- 52 


3 


Gc 




-30 


"?.6 


-IS 


-10 


-13 


4 


Gq. ^ Gc 




- 70. 5 


-61 


-49 


.-85-5 


- 42. 


5 


CaWicb 




- 49.8 


-42.6 


- 34-4 


-24-S 


-?.9-4 


6 






- 10.5 


- 11 


- 18 


- 15.5 


* \ 6 


1 


(6^)^ 




lio 


IZl 


169 


24l 


?.56 


8 






- Z13 


-248 


-193 


« 1^1-4 


- 104 








-zozs 


-187 


- 144 


- 108-5 


-62 


10 


(9)^ 




4l OQd 


2^5000 


20 800 


ii C>oo 


5850 


w 


('A 'V (lo') 




.4 mo 


85121 


26 969 


1204-1 


4 1 o o 


\Z 


fo^ 




Zol.S 


_18‘I 




109 


64.2 


B 


/2.6'l 




78-6 


42.6 


56.1 


42-4 


25-0 




('sV(b') 




- IZ7.9 


- 116.2 


-90.5> 


-67-2 


-54-4 


16 


Cl - G »: (uv') 


- 4'1qo 


- 3S30 


- 8460 


-2720 


-2020 


- i&?>o 


16 


C^V'Ci's'i 




••.29.3 


4* ?>0.O 


•;■ 21-7 


•1 *T*6 


4.4 


n 


(Ti,’ f- (l6) 




<- 8oo 


■V '9oo 


6^0 


^528 


■1 132 


















18 






<- \9.3 


-V n. 


< 11 1 


■t 6. 96 


«3-88 


19 


2 <■? 




•b 87.1 “ 


<.86.6° 


.. <'« /f o ^ 
oV-v^ 


-vGi.8“ 


< 75-2 “ 


lo 


10 




+ 4-3.6° 


-f 45.3>“ 


+ 42-4“ 


<’4o.9“ 


<- 57.6'“ 


1\ 


S’ FnON^^ 4; 




1.4“ 


1-7° 


26“ 


4.1° 


7-4 ° 
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Data used in calculating resvilts, nvm v 7f 



Loading; Bending c 
Cylinder pressure; I^.^OO psi,. 
Applied force; 23»1^0 lb« 
lyever arm; l;"c 

Applied moment; •*■92,600 in-lb« 



Location 

1 

2 

3 

^ 1 - 

6 



Location 

1 

2 

3 

if* 

5 

6 



STRAIN RBADINCtS 

Gage nOt Average reading 



0 


-288 


E[|. 


-273 


E3' 


•^56 


E6 


-71 


1 


-2l|7 


2 


-if6-|- 


3 


-62i^- 


if 


»1 92: 


5 


-39 


6 


-56 


B1 


-1 if-2: 


E2 


“27-1 


S3 


-61 


7 


-1 06 


8 


-26 


9 


..Gp-I 
’ ^ 



PRINCIPAL STRESSES 

Stress 

“9'f-l 0 psi 

-73'50 psi 
-6800 psi 
-5380 psi 
-tj.1 80 psi 
-32l,'.0 psi 



PR!MCIP/-\L S'iRESS CALCUUVnot4S, RU}>A*'/. 
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Se£ RUf^SS ■?> AUD 4 Foi'i FORt^^uCAE. 





Loc:/xt lo^J 


» 


Z 


p 




6 


6 


1 


<?c 




-H 


-62.6 


~ 5G 


- 61 


-52.5 


1 


6b 




~Z13 


- 247 


-192.5 


- 142. 5 


- 106 


3 


6c 




-36 


-66.3 


- 39 


-27.5 


-26 


4 


<2o. + 6c 




-in 


- 10 9.0 


-95 


-68-5 


-78 5 


5 






-88-9 


-76.2 


- 66 .5 


-62 


-55.0 


6 


~ <?C 




-13 


-16 


-n 


- 33 .5 


-26-5 


1 


(6)^ 




226 


236 


289 


1120 


702 


B 


2 6t 




-66-6 


- 494 


-305 


~2B5 


-7. l^ 




Ce.^ - (4') 




■•419 


- 385 


-790 


- 196.5 


- 195.5 


\o 






n6 ooo 


(43000 


84000 


$d> loo 


11 9oo 


l\ 


C'l) * (lo) 




l'K.226 


148256 


C42.&9 


39 820 


18 602 


\Z 


/Vo 




4l9 


^ r) fi 


Z.90.3 


199 


136.2 


13 


^'^Vz.61 




16)3 


l50 


n3 


77.6 


53 


itJ. 






-261 -9 


• 226.2 


- 179.5 


- 139.5 


~ 108 


»5 


Cl'- 6> 


"94io’' 


-TJ50 


- 6000 


-53 Co 


-4.180 


-324-0 


16 


(<5V. (‘■i') 




■i^ 74.1 


•^75.c0 


•i 46.5 


-V *6 


-2.0 


n 


(T.J. : Ex (ig') 




-V 2220 


.^2215 


+ 1395 




- 60 


















IB 






•V2'|.9 


•:• 24 -o 


<• ni 


5 C>7 


•V 5.04 








87-0** 


87.6“ 


86.7“ 


85.2“ 


78 .S“ 


Zo 






2>3.9‘' 


43.8“ 


43.4“ 


4l-6“ 


39 . 4 " 


21 


^ r-aoM 4 




11 


|.2‘^ 


IG“ 


3.4“ 


5.6“ 



V 4 

V* 



<?ij* V( 



Data \5.sed in oalculnting results, run 8. 

Loading: Ben d i ng . 

Cylinder pressure: 1l|50 psi. 

Applied force: ?I}.80 lb (on vrebs). 

Lever erm: i\." 

Applied raonent : 29,9^0 in-lb. 



STRAIN READINGS 



Location 



Gage no. 



Average reading 



3 

k 

5 



2 



1 



0 

1 

2 

3 

h 

6 

7 

8 

9 



+17 

+ 83 -^ 





PRINCIPAL STRESSES 



Location 



Stress 



1 

2 

3 

h 



+1970 psi 
+1 290 psi 



0 



-3040 psi 
-6220 psi 



■i 



Data used in calculating results j run 1 'I . 



6 ^ 1 . 



Loading: Bending. 

Cylinder pressure: 8^0 psi. 

Applied force: I|.380 lb (on vreb). 

Lever ai'-ra: 7” 

Applied moment: 30>700 in~lb. 



Location 

1 

2 

3 

k 



STRAIN READINGS 

Gage no. 

0 

1 

2 

3 

k 

5 

6 

7 

8 

9’ 



Average reading 

+1 7k 
-!-1 27 

- f - 1 1(.8 

•1-7 6 
-M 1 5 
-67 
■f-28 
-226ir 
-1 00 



Location 



principal stresses 

Stress 



1 

2 

3 

5 



-!-6060 ps:i 
■^2Li.O psi 
+3390 psi 

-1775 psi 

-7820 psi 







# 



Data ii.secl in calculating results, run 13 

Loading: Bending. 

C7/-linder pressure: psi. 

Applied force: 7^60 lb (on viebs). 

Lever arm: Ij.’' 

Applied moment: 31 JiOO in-lb. 



STRAIN R'SIADINGS 



Location 



Gage no . 



Average reading 



1 



0 

1 

2 

3 

k 

r' 




2 



disconnected 



disconnected 



3 

li- 

5 

6 



u 

6 

7 

a 

9 

1 0 




PRINCIPAL STR'ISSES 



Location 



Stress 



1 



+3690 psi 



2 

3 

4 
3 
6 



+31 30 psi 
-1360 psi 
"7280 psi 
-3200 psi 



riutj 8 - 
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PRlWCiPM STRESS CALCUL^T\owS , 

E - 27-6 ^ p-il 

/4 





Location 




2 


3 


4 


3 


1 


e, 


■1 3o 


^ n 




-92 


“ tGG 


z 


c^ 


H ^ 


^83 ’A 


•1- 41 


-26.3 


- 1-24. S 


3 


/I Z-t 


<-34.9 


♦ 2S.5 


-»• l4.3 


-D.l 


- 3S-<^ 


4 




< 64-9 


^ 41. S 


o 


- lOO. 1 


- Zo^.s 


S 


(T. 


V 1910 


+ 1190 


o 


- 3o4o 


-6110 


RU 


IR l\. 

LOCAflONi 


\ 


1 


3 


4 




1 






<• m 


<-76.5 


-67 


-216.5 


\ 




4 H4 


•t* lt(r£> 


-!- n 5 


•V 2S 


- too 


3 


/< Ct. 


V 


+ 45>.l 


-v 35.1 


< B*6 


' ^0‘S 


<5- 


<?| + M ^1. 


-V- 193-5 


<- ni.i 


*1* 1 1 1 • G 


-3S.4 


- 157.0 


5 




1r Go S O 


<-'b4lo 


<■ 33-90 


- ms 


-laio 



Rum 





Loc 4\T loM 


1 


2 


3 


4 


C, 


6 


\ 


e, 


* 134. S 




476 


-47-S 


- I0&-9 


- I&8 


i 


Ct 


+ ns-5 




4 91 


- rt 


- I6& 






/U 


+ S2.5 




411-8 


-3-7 


-5V-3 




4 




V 187.0 




4 103-8 


-sv.i 


-139.6 




3 




-t *3G^D 




4- T’l ^>0 


- l^GO 


-7160 


-Sloo 



Data \i.sed in calcixlating results, run 1l|.. 

Loading: Bending. 

Cylinder pressure: 0 psi. 

Applied force: 2630 lb (on webs). 

Lever arra: 1 2-|" 

Applied moment: 32,900 in-lb. 



STRAIII RE-ADINOS 



Location 



Gage no 



Average reading 



0 




2 



2 

3 

k 



disconnected 



6 



3 



6 

7 

8 
9 

1 0 



disconnected 

+73 

+ 97 -| 

-6i -i- 




-lj-5 



-306 



PRINCIPAL STRESSES 



Location 



Stre ss 



1 

2 

3 

h 

5 

6 



+5)|-90 psi 



+3120 psi 
-lk70 nsi 
-7520 psi 
-‘‘^Ll 50 psi 



Data used in calculating results, run 

Loading: Bending. 

Cylinder pressure: $00 psi. 

Applied force: 25^0 lb (on flange). 

Lever arm: 1 2-|r'' 

Applied moment: 32,200 in-lb. 



STRAIN RSADINCfS 



Location 



Cage no . 



Average reading 



1 



0 

1 




2 



2 

3 

h 

$ 

6 

7 

8 
9 

10 



disconnected 



disconnected 



3 

k 

$ 

6 



-21 8 - 1 - 
••^32 
“1 )-!-0 
- 388 -:^ 
-li^S' 
-M 03-J- 
-3971 




Location 



Stress 



1 



-12,850 psi 



2 

3 

k 

$ 

6 



-11 ,300 psi 
-7860 psi 
~3$k0 psi 

-1 0,950 psi 



Data used in calculatliifs results, run 16. 



IjOading; Bending. 

Cylinder pressure: 132^ psi. 

Applied force: 68![,0 lb (on flange). 

Lever arm: 

Applied moment: 27,300 In-lb. 



Location 

1 

2 

3 

ii- 

5 

6 



STRAIN READINGS 

Gage no. 

0 

1 

2 

3 

h 

6 

7 

8 

9 

10 



Average reading 

■|■382-J- 

+277 

disconnected 

disconnected 

+278fr 

+204 

+78 

+80 

-1 66 |- 
“1 68 -|- 



Location 



1 

2 



3 



PRINCIPAL STRESSES 

Stress 

•Kl 4,200 psi 

+11 ,3^0 psi 
+3120 psi 
-6070 psi 
“4850 psi 



PRir4cir/\L STRESS CALCOLATio^iS 
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0T -- 

E " E7.G K \0^ psC. 
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3 


A- 
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6 


\ 


<5, 


•1* 




vis 


"61. S 


-233.5 


- 306 
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/A Qz. 
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3 
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z 
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- U8 S 
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pQ-L 
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- n fo. 4 




s 


(n 
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- II 3oo 
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- SS4o 
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Rom \6 





LocATiocJ 


\ 


z 


3 


4 


5 


(> 


1 


G. 


3Sd.S 




•5-Z1G.5 




- 145 


- 168-5 






•vm 




-i 20 4 
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- 166-5 




3 


p.Qx 


V 84-5 
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4 
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•S 

Q- 
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V ioz4 


- i53.a 




5 


r, 
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•V- 11350 


•i?ji20 


"6oio 


-4650 



MOMEWT BALAIvJCG - ROM l4. 



7 



MOMSM^T 



FL^M^^,cS^: .OS4 

«■ 84^30 (•0«)<'l■yl^)(.^^C;.') :: (2*^0 



Vv!e.ss •. 
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ReSOl'T/'-.tJf 

* = 7400 

zl 

ResutTA.MT F0RC6 

= 74-00 (.44)0-15^ « 5700'' 
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•2*^0 (z. 88') -V 5100(2.34) 

n , OZO UV tu 
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“32 » ^500 ' 3 ^ " 



APPENDIX C 



ORIGINAL DATA 
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